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REFERENCE SIGNAL POWER
MEASUREMENT AND REPORTING FOR
IMPROVING PERFORMANCE IN A
NETWORK WITH GEOGRAPHICALLY
SEPARATED ANTENNA PORTS

This application claims the benefit of International Appli-
cation No. PCT/IB2012/054589, filed Sep. 5, 2012, the dis-
closure of which is fully incorporated herein by reference.

TECHNICAL FIELD

The present invention relates generally to telecommunica-
tion networks, and more particularly, to a method and device
for improving performance in a network with geographically
separated antenna ports based on determining and reporting
reference signal power from a communication device to a
base station.

BACKGROUND

3GPP Long Term Evolution (LTE) is a standard for mobile
phone network technology. LTE is a set of enhancements to
the Universal Mobile Telecommunications System (UMTS),
and is a technology for realizing high-speed packet-based
communication that can reach high data rates on both down-
link and uplink channels.

LTE may be deployed in a number of configurations such
as Multiple-Input, Multiple-Output (MIMO) radio systems,
including distributed antenna systems. An exemplary MIMO
system including a base station and user equipment (UE) is
shown in FIG. 1. In MIMO transmission systems, a transmit-
ter sends multiple streams of data by multiple transmit anten-
nas according to frequency and time-domain modulation
schemes. Accordingly, in order for the receiver to determine
channel impulse responses from each antenna, known refer-
ence signals are sequentially transmitted, for instance, as
shown in FIG. 2.

Distributed antenna systems ensure cell coverage by
deploying many antennas at different locations. In a distrib-
uted antenna system, each antenna may transmit on all
antenna ports of the cell. However, distributed antennas may
be limited to communications on a single antenna port. In this
case, different antenna ports may sometimes correspond to
physical antennas that are geographically separated from one
another.

LTE is regarded as a next generation mobile communica-
tion system, but is still relatively young. As such, unforeseen
challenges continue to arise in the field as deployment of LTE
continues to grow. One particular challenge has arisen with
respect to the measurement and reporting of reference signal
received power (RSRP) in an LTE network having geographi-
cally separated antenna ports.

In an LTE deployment, RSRP provides a cell-specific sig-
nal strength metric. This metric is used, for instance, to rank
different LTE candidate cells according to their signal
strength or as an input for handover and cell reselection
decisions. According to the LTE specification, RSRP is
defined for a specific cell as the linear average over the power
contributions of the resource elements (RE) which carry cell-
specific reference signals (CRS) within the considered mea-
surement frequency bandwidth. Further, according to the
LTE specification, the CRS transmitted on the first antenna
port (i.e. CRS port 0) is normally used for RSRP determina-
tion. However, the CRS transmitted on the second antenna
port (i.e. CRS port 1) can also be used if available.
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Inatypical LTE communication system, there are a total of
4 CRS ports for the support of downlink MIMO transmission.
Each of the four CRS ports are orthogonal to each other and
an example showing CRS port 0 and CRS port 1, having a
normal cyclic prefix, is shown in FIG. 2.

Referring now to FIG. 3A, an indoor scenario with inter-
leaved antenna ports, i.e., geographically separated antenna
ports, is illustrated. As shown in FIG. 3A, alternating anten-
nas transmit on antenna port 0 (CRS port 0), while the other
antennas transmit on antenna port 1 (CRS port 1). An advan-
tage of an interleaved antenna port deployment is an increase
in cell coverage, while minimizing the need for additional
cabling. This is particularly advantageous when upgrading
existing passive distributed antenna systems to support
MIMO operation. Use of an interleaved antenna port arrange-
ment, as shown in FIG. 3A, halves the number of antennas
used in a distributed MIMO deployment compared to a
deployment using two co-located antennas (ports 0 and 1) per
site.

However, as shown in FIGS. 3B and 3C and reported in
further detail in “Consideration of Real-Life DL MIMO
Aspects,” 3GPP TSP-RAN WG1 #64, R1-111330 (2011),
depending on the positioning of a user equipment (UE) com-
munication device relative to the locations of interleaved
antenna ports 0 and 1, the difference in received reference
signal power can be over 25 dB. This is due to, for instance,
the disparate path lengths a reference signal travels from each
antenna port to the exemplary UE. In contrast, for co-located
CRS ports, the RSRP for CRS port 0 and port 1 is generally
similar. In FIG. 3C, the RSRP for a UE communication device
is plotted based on: 1) the measured value for port 0; 2) an
average of the measured values for ports 0 and 1; and 3) the
maximum measured value for port O or 1. It is clear that the
reported RSRP value based on an averaging method has
roughly 3 dB of mismatch with the true RSRP value in situ-
ations where the UE communication device is close to either
antenna port 0 or port 1.

The mismatch between reported and actual RSRP in an
interleaved antenna port configuration can have significant
side effects with respect to system performance. For instance,
cell-coverage may be reduced, hand-off efficiency may be
reduced, and data transmission and power settings may not be
optimized due to inaccurate, and thus, overly conservative
reporting of RSRP. Similarly, overly conservative modulation
and coding schemes may be implemented, reducing through-
put. Moreover, path loss, which is used in determining uplink
power control, is based on the reported RSRP from a UE.
Accordingly, interference may be increased due to unneces-
sarily large uplink transmit power settings that are the result
of artificially low reported power values.

Accordingly, there is a need for a method and device for
improving performance in a network with geographically
separated antenna ports.

SUMMARY

Particular embodiments of the present invention are
directed to devices and methods for improving performance
in a network with geographically separated antenna ports
based on determining and reporting reference signal power to
a base station.

In one particular aspect, a method for improving perfor-
mance in a network includes receiving, from a base station, a
first reference signal associated with a first antenna port of the
base station and determining a first reference signal power
value for the received signal. The method further includes
receiving, from the base station, a second reference signal



US 9,307,462 B2

3

associated with a second antenna port of the base station and
determining a second reference signal power value for the
received second reference signal. Then, the difference
between the first reference signal power value and the second
reference signal power value is determined, which is used to
determine a third reference signal power value for the com-
munication device. This third reference signal power value is
then reported to the base station as the measured reference
signal power.

In some embodiments, if the difference between the first
and second determined reference signal power values is less
than or equal to a predetermined threshold, the method further
includes averaging the two values. This average value is then
reported to the base station as the measured reference signal
power value for the communication device. However, if the
determined difference is greater than a predetermined thresh-
old, a maximum value is determined by comparing the first
reference signal power value and the second reference signal
power value. This maximum value is then reported to the base
station as the measured reference signal power value for the
communication device

Particular embodiments of the present invention provide a
communication device operable in a network with a plurality
of geographically separated antenna ports associated with a
base station. The communication device includes at least a
processor, a memory, a transceiver coupled to the processor,
and an antenna coupled to the transceiver. According to an
aspect of the present invention, the processor is configured to
determine a first reference signal power value based on a first
reference signal received on the antenna, which is received
from one of the geographically separated antenna ports. The
processor is further configured to determine a second refer-
ence signal power value based on a second reference signal
received on the antenna, which is received from a second of
the geographically separated antenna ports. Additionally, the
processor is configured to determine the difference between
the first and second reference signal power values and deter-
mine a third reference signal power value, for the communi-
cation device, based on the difference. The processor then
reports the third value to the base station.

In some embodiments, if the difference is less than or equal
to a predetermined threshold, the processor determines the
average of the first and second reference signal power values
and reports it to the base station. However, if the difference is
greater than the threshold value, the processor is configured to
determine a maximum value by comparing the first and sec-
ond reference signal power values. The maximum value is
then reported to the base station as a representative power
value for the communication device.

In another aspect, particular embodiments of the disclosed
methods include determining and reporting port-specific ref-
erence signal power values. A method for improving perfor-
mance in a network with geographically separated antenna
ports, based on determining and reporting reference signal
power from a communication device to a base station, is
provided. The method includes receiving, from the base sta-
tion, a first reference signal associated with a first antenna
port ofthe base station and determining a first reference signal
power value for the signal. The method further includes
receiving, from the base station, a second reference signal
associated with a second antenna port of the base station and
determining a second reference signal power value for the
second signal. According to the method, the reference signal
power values are reported in a manner that indicates which
antenna port is associated with each of the reference signals
used to determine the respective reference signal power val-
ues.
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Particular embodiments of the present invention include a
communication device, operable in a communication system
with a plurality of geographically separated antenna ports,
than includes at least a processor, a memory, a transceiver
coupled to the processor; and an antenna coupled to the trans-
ceiver. The processor is configured to determine a first refer-
ence signal power value based on a first reference signal
received on the antenna, wherein the first reference signal is
received from one of the geographically separated antenna
ports. The processor is also configured to determine a second
reference signal power value based on a second reference
signal received on the antenna, wherein the second reference
signal is received from a second geographically separated
antenna port. The processor is also configured to report the
first and second reference signal power values in a manner
that indicates the respective antenna ports associated with the
reference signals used to determine each of the reference
signal power values.

According to another aspect of the present invention, a
method for improving performance in a network with geo-
graphically separated antenna ports, based on receiving ref-
erence signal power values from a communication device, is
provided. The method includes transmitting, from a base
station, a reference signal to the communication device;
receiving a reference signal power value for the communica-
tion device; determining which of the antenna ports is asso-
ciated with the received reference signal power value; and
determining, based on the reported reference signal power
value, a transmission quality value for the antenna port. The
method may further include using the determined transmis-
sion quality value for at least one of link adaptation, rank
adaptation, or power control.

The above and other aspects and embodiments are
described below with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and form part of the specification, illustrate various
embodiments of the present disclosure and, together with the
description, further serve to explain the principles of the
disclosure and to enable a person skilled in the pertinent art to
make and use the embodiments disclosed herein. In the draw-
ings, like reference numbers indicate identical or functionally
similar elements.

FIG. 1 illustrates a Multiple-Input Multiple-Output
(MIMO) communication system.

FIG. 2 is areference signal resource grid corresponding to
CRS ports 0 and 1.

FIG. 3 A illustrates geographically separated antenna ports.

FIG. 3B is a graph depicting the reported signal strength
variations of a UE communication device moving between
interleaved antenna ports.

FIG. 3C is a graph depicting RSRP values determined
based on port 0, an average of port 0 and port 1, and a
maximum of port 0 and port 1.

FIG. 4 illustrates a network in accordance with exemplary
embodiments of the present invention.

FIG. 5 isablock diagram of a UE communication device in
accordance with exemplary embodiments of the present
invention.

FIG. 6 is a block diagram of a base station in accordance
with exemplary embodiments of the present invention.
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FIG. 7 is a schematic diagram illustrating a network with
interleaved antenna ports and a UE communication device, in
accordance with exemplary embodiments of the present
invention.

FIG. 8 is a flow chart illustrating a process for improving
performance in a network with geographically separated
antenna ports, in accordance with exemplary embodiments of
the present invention.

FIG. 9 is a flow chart illustrating a process for improving
performance in a network with geographically separated
antenna ports, in accordance with exemplary embodiments of
the present invention.

FIG. 10 is a flow chart illustrating a process for improving
performance in a network with geographically separated
antenna ports, in accordance with exemplary embodiments of
the present invention.

DETAILED DESCRIPTION

In exemplary embodiments of the disclosed devices and
methods, performance in a network that has geographically
interleaved antenna ports is improved based on determining
and reporting reference signal power from a communication
device to a base station. By recognizing that the reference
signal received power from each antenna port will be difterent
depending on the distance of the communication device from
each of the antenna ports, the communication devices and
base stations operating in accordance with exemplary
embodiments of the present invention are able to apply spe-
cific measurement and per-port reporting procedures to
improve the accuracy of reference signal received power
reports, thus improving performance in the network.

FIG. 4 illustrates an example wireless network 400. As
shown, wireless network 400 includes at least one base station
410 and at least one wireless user equipment (UE) commu-
nication device 420. Examples of wireless UE communica-
tion devices include mobile telephones, personal digital assis-
tants, electronic readers, portable electronic tablets, personal
computers, and laptop computers.

The base station 410 further includes a plurality of
remotely located antennas 412, 414. Each of the antennas
412, 414 is geographically separated from the other. In an
indoor deployment, for example, the antennas 412, 414 may
be located on the same or different floors of an office building,
parking garage, stadium, or other structure. Their spacing
may range from a few meters to opposing ends of a structure.
Alternatively, in a large-scale or outdoor deployment, they
may be located in different structures or several kilometers
away from each other. Their spacing does not have to be
uniform, and may be determined based on multiple factors
including, but not limited to transmission range or environ-
mental constraints.

As shown in FIG. 4, antennas 412, 414 may be coupled to
one or more transceivers 416, for example, via a fiber-optic
cable connection 418. According to an exemplary embodi-
ment of the present invention, antennas 412, 414 are config-
ured to transmit on a particular port of the cell. These antenna
ports may correspond, for example, to ports 0 and 1, as
described in the LTE specification. In this configuration, the
base station 410 transmits a series of port-specific reference
signals from each of antenna ports 412, 414, which may be
received by one or more UE communication devices 420.
These reference signals may be, for example, cell-specific
reference signals (CRS) in accordance with the LTE specifi-
cation.

FIG. 5 illustrates a block diagram of an exemplary UE
communication device 420. As shown in FIG. 5, the UE
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6

communication device may include: an antenna array 510,
which includes one or more antennas, a data processing sys-
tem 520, which may include one or more microprocessors
and/or one or more circuits, such as an application specific
integrated circuit (ASIC), field-programmable gate arrays
(FPGAs), or the like, and a data storage or memory system
530, which may include one or more non-volatile storage
devices and/or one or more volatile storage devices (e.g.,
random access memory (RAM)). The antenna array 510 is
connected to transceiver 540, which is configured to transmit
and receive signals via the antenna array 510.

In embodiments where data processing system 520
includes a microprocessor, computer readable program code
may be stored in a computer readable medium, such as, but
not limited to, magnetic media (e.g., a hard disk), optical
media (e.g., a DVD), memory devices (e.g. random access
memory), and the like. In some embodiments, computer read-
able program code is configured such that when executed by
aprocessor, the code causes the data processing system 520 to
perform steps described below (e.g. steps described below
with reference to the flow charts shown in FIGS. 8 and 9). In
other embodiments, the UE communication device 420 is
configured to perform steps described above without the need
for code. That is, for example, data processing system 520
may consist of one or more ASICs. Hence, the features of the
present invention described above may be implemented in
hardware and/or software. For example, in particular embodi-
ments, the functional components of the UE communication
device 420 described above may be implemented by data
processing system 520 executing computer instructions, by
data processing system 520 operating independent of any
computer instructions, or by any suitable combination of
hardware and/or software.

FIG. 6 illustrates a block diagram of an exemplary base
station 410. As shown in FIG. 6, the base station 410 may
include: a data processing system 620, which may include
one or more microprocessors and/or one or more circuits,
such as an application specific integrated circuit (ASIC),
field-programmable gate arrays (FPGAs), and the like; a net-
work interface 630; and a data storage system 640, which may
include one or more non-volatile storage devices and/or one
ormore volatile storage devices (e.g., random access memory
(RAM)). The network interface 630 is connected to trans-
ceiver 650, which is configured to transmit and receive sig-
nals via an antenna array 610. According to an aspect of the
present invention, the antenna array may include one or more
geographically separated antenna ports. For instance, antenna
array 610 may include a first antenna port 0, and a second
antenna port 1, which correspond to ports 0 and 1 of the LTE
specification. In an exemplary embodiment of the disclosed
devices and methods, the base station 410 is a Node B (NB) or
Evolved Node B (eNB).

In embodiments where data processing system 620
includes a microprocessor, computer readable program code
may be stored in a computer readable medium, such as, but
not limited, to magnetic media (e.g., a hard disk), optical
media (e.g., a DVD), memory devices (e.g., random access
memory), and the like. In some embodiments, computer read-
able program code is configured such that when executed by
aprocessor, the code causes the data processing system 620 to
perform steps described below (e.g., steps described below
with reference to the flow chart shown in FIG. 10). In other
embodiments, the base station 410 is configured to perform
steps described above without the need for code. That is, for
example, data processing system 620 may consist merely of
one or more ASICs. Hence, the features of the present inven-
tion described above may be implemented in hardware and/or
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software. For example, in particular embodiments, the func-
tional components of the base station described above may be
implemented by data processing system 620 executing com-
puter instructions, by data processing system 620 operating
independent of any computer instructions, or by any suitable
combination of hardware and/or software.

In exemplary embodiments of the disclosed devices and
methods, the base station 410 and the wireless UE commu-
nication device 420 may be configured to communicate with
each other using an Space Frequency Block Code (SFBC)
transmission scheme to communicate orthogonal frequency
division multiplexed (OFDM) symbols that include data ele-
ments and reference symbols.

Referring to FIG. 7, a UE communication device 420 is in
communication with a base station 410 that utilizes a distrib-
uted antenna configuration. Geographically separated anten-
nas 710, 720, where alternating antennas transmit on a first
and second antenna port of the base station 410, are shown in
FIG. 7. Each of the antenna ports may transmit a reference
signal that can be received by the UE communication device
420. When the UE communication device 420 is at various
locations within cell 750, the reference signals from each of
the antenna ports will be received with varying power
depending upon the UE communication device’s location.

Referring now to FIG. 8, a flow chart 800 illustrating a
process for improving performance in a network with geo-
graphically separated antenna ports, in accordance with
exemplary embodiments of the disclosed devices and meth-
ods, is shown. According to aspects of the embodiment, per-
formance is improved by determining reference signal power
received on a UE communication device 420 and reporting a
measured value to a base station 410 with improved accuracy.

In the first step of the process 805, a first signal is received
by a UE communication device 420 from a base station 410.
This signal may include, among other symbols, a reference
signal that is associated with an antenna port of the base
station. For example, the reference signal may be a cell-
specific reference signal (CRS) from an antenna port of the
base station 410, such as a CRS-port 0 in accordance with the
LTE specification.

In step 810, the UE communication device 420 determines
a first reference signal power value based on the received
reference signal. This value may be, for example, a reference
signal received power (RSRP) as used in an LTE deployment.

In step 815, a second signal is received by the UE commu-
nication device 420 from the base station 410. As with the first
signal, this signal may include a reference signal that is asso-
ciated with an antenna port of the base station 410. For
example, the reference signal may be a cell-specific reference
signal (CRS) from a second antenna port of the base station
410, such as a CRS-port 1 in accordance with the LTE speci-
fication.

In step 820, the UE communication device 420 determines
a second reference signal power value based on the second
received reference signal, such as an RSRP value.

Instep 825, the [UE communication device 420 determines
the difference between the first reference signal power value
and the second reference signal value.

In step 830, the UE communication device 420 determines
a third reference signal power value for the UE communica-
tion device, which is then reported at step 835 to the base
station 410 as a measured power value, such as the measured
RSRP for the UE communication device 420.

The measured RSRP for the UE communication device
420 can be utilized to improve data transmission settings and
overall system performance, as well as to improve handover
and cell reselection decisions. The RSRP value represents the
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signal strength of the LTE cell, and thus, can be used in
ranking different cells. Further, knowledge regarding RSRP
allows a base station 410 to determine optimum power set-
tings, transmission protocols, and system settings. For
instance, RSRP may be considered in link adaptation, rank
adaptation, and in managing HARQ issues.

According to an aspect of the present invention, the
reported measured power value is dependent on whether the
difference between the first and the second reference signal
power values is greater or less than a threshold value. If the
difference is less than the threshold, an average of the two
reference signal power values is reported as the measured
value for the UE communication device 420, shown at step
834. This may be, for instance, a weighted average. A
weighted average may be appropriate where the communica-
tions system includes disparate power levels for different
reference signals or if there is a preference for a particular
antenna port’s measurement. For example, a weighted aver-
age may be appropriate in a heterogeneous network (HetNet)
with port 0 for Marco and port 1 for Pico.

Ifthe difference is greater than the threshold, an average of
the two reference signal power values would not necessarily
be an accurate reflection of the actual channel condition asso-
ciated with a cell. Accordingly, the maximum value between
the first and second reference signal power values may be
reported in this instance, shown at step 832.

For example, the first reference signal power value can be
an RSRP associated with a first port, RSRP, ., and the
second reference signal power value can be an RSRP associ-
ated with a second port. RSRP, ;. In this case, the evalua-
tion of the difference between the first and second power
values is given by:

IRSRP ,,5~RSRP;,,, I<Threshold @

The threshold value is a power value that represents the
allowable difference between the power on ports 0 and 1 to
implement an averaging scheme. This value may be prede-
termined, or dynamically adjusted by either a base station 410
or UE communication device 420. The value may be deter-
mined based on a number of factors, including, for example,
environmental factors, channel estimation, or any network
optimization goals. The threshold may be in the range of 3 db
to 6 b; however, the value may also fall in the range of 0 dB to
25 dB. Essentially, the threshold may be specifically and/or
dynamically determined to suit any desired operating char-
acteristic or condition.

If the result of Equation 1 is “true,” and the difference is
less than the threshold, an average value of the first and
second RSRP is reported to the base station 410 as the mea-
sured RSRP for the UE communication device 420:

RSRPz=(RSRPp,,,o+RSRPp,,,,)/2 an

The average value may be stored in memory 530.
However, in the case where

IRSRP,,, ,c-RSRP},,,, > Threshold (I

the averaging method of Equation (II) may no longer be
effective. This would correspond to a situation where the UE
communication device 420 is much closer to one of the
antenna ports 1 or 0. As shown in FIG. 7, a UE communica-
tion device within a cell including geographically separated
antennas may be closer to one of antenna port 0 or 1. In this
case, the averaging method would result in an artificially low
reported RSRP value. For instance, in the case where the UE
communication device 420 was adjacent either antenna port O
or 1, the reported value could be reduced by as much as half
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using the averaging method of Equation (I). Accordingly, the
maximum value between the two port-specific RSRPs should
be reported:

RSRPz=max(RSRPp,,o,.RSRPp,,) )

The maximum value may be stored in memory 530.

Setting the reported RSRP, - as show in Equation (IV) best
reflects the actual channel conditions associated with a given
cell when a UE communication device 420 receives a much
stronger reference signal on one of a plurality of ports, for
instance, when the UE communication device 420 is located
near antenna port 1 or port 0.

According to an aspect of the present invention, a UE
communication device 420, such as the device diagrammed
in FIG. 5, is operable in a network with a plurality of geo-
graphically spaced antenna ports and contains at least one
antenna, a memory, a transceiver, and data processing
resources, which together, are configured to measure and
report a reference signal power value as detailed in the flow
chart of FIG. 8.

According to embodiments of the disclosed devices and
methods, port-specific values of reference signal power may
be determined and reported to a base station 410. This per
antenna port reporting can provide a serving cell with
improved information regarding the channel condition of
individual links. Accordingly, a base station 410 may have
increased flexibility to measure RSRP, selectively control
transmission properties, and/or maintain performance statis-
tics.

Referring to FIG. 9, a flow chart 90) illustrating a process
for improving performance in a network with geographically
separated antenna ports, in accordance with exemplary
embodiments of the disclosed devices and methods, is shown.

In the first step 910, a first reference signal is received from
a base station 410, which is associated with an antenna port of
the base station. For instance, the reference signal may be a
cell-specific reference signal (CRS) transmitted from a first
antenna port, Port,, of a base station 410 operating in an LTE
deployment. The base station 410 may include multiple
antenna ports that are geographically separated from each
other.

In step 920, a first reference signal power value for the
received reference signal is determined. This value may be,
for instance, a reference signal received power RSRP,,.

In step 930, a second reference signal is received from the
base station 410, which is associated with another antenna
port of the base station. For instance, the reference signal may
be a cell-specific reference signal (CRS) transmitted from a
second antenna port, Port,, of the base station 410.

In step 940, a second reference signal power value for the
second received reference signal is determined. This value
may be, for instance, a second reference signal received
power RSRP,.

In step 950, the determined values, for example RSRP, and
RSRP,, are reported to the base station 410. The values are
reported in a manner that indicates the antenna port associ-
ated with the signal used to determine each respective value.
As such, the base station is able to distinguish between the
references signal power values associated with different
ports. For instance, a reference signal power value associated
with a first antenna port may be reported first, and a reference
signal power value associated with a second antenna port may
be reported second. In this example, the base station can
recognize per-port channel characteristics based on the order
in which the values are received. In other exemplary configu-
rations, the communication device 420 may format the first
and second reference signal power values in order to indicate
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which antenna port each value is associated with, for instance,
through inclusion of additional identification information,
frequency selection, or signal levels.

According to an aspect of the present invention, a UE
communication device 420, such as the device diagrammed
in FIG. 5, is operable in a network with a plurality of geo-
graphically spaced antenna ports, and contains at least one
antenna, a memory, a transceiver, and a data processing
resources, which together, are configured to measure and
report reference signal power values as detailed in the flow
chart of FIG. 9.

Referring now to FIG. 10, a flow chart 1000 illustrating a
process for improving performance in a network with geo-
graphically separated antenna ports, in accordance with
exemplary embodiments of the disclosed devices and meth-
ods, is shown. The process is based on received reference
signal power values from at least one UE communication
device 420 that include an indication of the antenna port
associated with the value. This process may be implemented
by a base station 410, for example, a base station as dia-
grammed in FIG. 6 in communication with one or more UE
communication devices 420 in an LTE deployment.

In the first step 1010, a base station transmits a reference
signal to a communication device from an antenna port. For
instance, the base station may periodically transmit a cell-
specific reference signal (CRS) from one of a plurality of
geographically separated antenna ports.

If a report regarding reference signal power, such as a
reference signal received power (RSPR) value, is received
from a UE communication device at step 1020, the base
station determines which of the antenna ports is associated
with the received reference signal power value at step 1030.
This may be accomplished, for example, by recognizing addi-
tional identification information reported with the reference
signal power value, frequency selection, or signal levels.
Alternatively, if the base station receives multiple reference
signal power values, the associated antenna ports for each
value may be determined based on the order in which the
values are received. At step 1040, a transmission quality
based on a reported value is determined. This transmission
quality may be either a general or a port-specific transmission
quality, which can be stored in data storage 640.

In step 1050, the base station may use the determined
transmission quality to adjust communication settings, for
instance to improve data transmission on the network or opti-
mize power settings. For instance, the determined transmis-
sion quality may be used for link adaptation, rank adaptation,
control of UE power configuration, or the like.

The disclosed thresholding techniques and measurement
of port-specific reference values are not limited to RSRP or
CRS measurements on ports 0 and 1 of an I'TE deployment.
For example, the disclosed devices and methods may be
applied to CRS ports 2 and 3, or to 8 Channel State Informa-
tion Reference Signals (CSI-RS) as well.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope
of the present disclosure should not limited by any of the
above-described exemplary embodiments. Moreover, any
combination of the above-described elements in all possible
variations thereof is encompassed by the disclosure unless
otherwise indicated herein or otherwise clearly contradicted
by context.

Additionally, while the processes described above and
illustrated in the drawings are shown as a sequence of steps,
this was done solely for the sake of illustration. Accordingly,
it is contemplated that some steps may be added, some steps
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may be omitted, the order of the steps may be re-arranged, and
some steps may be performed in parallel.

What is claimed is:
1. A method for improving performance in a network with
geographically separated antenna ports based on determining
and reporting reference signal power from a communication
device to a base station, comprising:
receiving, from the base station, a first reference signal
associated with a first antenna port of the base station;

determining a first reference signal power value for the
received first reference signal; receiving, from the base
station, a second reference signal associated with a sec-
ond antenna port of the base station;

determining a second reference signal power value for the

received second reference signal;

determining the difference between the first reference sig-

nal power value and the second reference signal power
value;

determining a third reference signal power value for the

communication device based on said determined differ-
ence;

reporting said third reference signal power value to the

base station; and

if said determined difference is less than or equal to a

predetermined threshold value, determining an average
value by averaging said first reference signal power
value and said second reference signal power value,
wherein said third reference signal power value reported
to said base station is said average value.

2. The method of claim 1, wherein the predetermined
threshold value is a value between about 3 dB and 6 dB.

3. The method of claim 1, wherein said average value is a
weighted average of at least said first reference signal power
value and said second reference signal power value.

4. The method of claim 1, wherein, if said determined
difference is greater than a predetermined threshold value, the
method further comprises: determining a maximum value by
comparing said first reference signal power value and said
second reference signal power value; and wherein said third
reference signal power value reported to said base station is
said maximum value.

5. The method of claim 4, wherein the predetermined
threshold value is a value between about 3 dB and 6 dB.

6. The method of claim 1, wherein said first reference
signal is a cell-specific reference signal (CRS) for said first
antenna port and said second reference signal is a cell-specific
reference signal (CRS) for said second antenna port.

7. The method of claim 1, wherein said first reference
signal power value and said second reference signal power
value are measured reference signal received power (RSRP)
values and said third reference signal received power (RSRP)
value is reported as a measured reference signal received
power (RSRP) value for the communication device.

8. The method of claim 1, wherein the network is a mul-
tiple-input multiple-output (MIMO) wireless network.

9. A communication device operable in a network with a
plurality of geographically separated antenna ports, compris-
ing:

a processor;

a transceiver coupled to said processor;

an antenna coupled to said transceiver; wherein, said pro-

cessor is configured to:

determine a first reference signal power value based on a
first reference signal received on said antenna,
wherein said first reference signal is received from a
first of said geographically separated antenna ports,
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determine a second reference signal power value based
on a second reference signal received on said antenna,
wherein said second reference signal is received from
a second of said geographically separated antenna
ports,

determine the difference between the first reference sig-
nal power value and the second reference signal
power value, determine a third reference signal power
value for the communication device based on said
determined difference,

report said third reference signal power value to a base
station;

if said determined difference is less than or equal to a
predetermined threshold value, determine an average
value by averaging said first reference signal power
value and said second reference signal power value;
and

store said average value in the memory, wherein said
third reference signal power value reported to said
base station is said average value.

10. The device of claim 9, wherein the predetermined
threshold value is a value between about 3 dB and 6 dB.

11. The device of claim 9, wherein said average value is a
weighted average of at least said first reference signal power
value and said second reference signal power value.

12. The device of claim 9, further comprising a memory,
wherein, if said determined difference is greater than a pre-
determined threshold value, the processor is configured to:
determine a maximum value by comparing said first reference
signal power value and said second reference signal power
value; and store said maximum value in the memory, wherein
said third reference signal power value reported to said base
station is said maximum value.

13. The device of claim 12, wherein the predetermined
threshold value is a value between about 3 dB and 6 dB.

14. The device of claim 9, wherein said first reference
signal is a cell-specific reference signal (CRS) for said first
antenna port and said second reference signal is a cell-specific
reference signal (CRS) for said second antenna port.

15. The device of claim 9, wherein said first reference
signal power value and said second reference signal power
value are measured reference signal received power (RSRP)
values and said third reference signal received power (RSRP)
value is reported as a measured reference signal received
power (RSRP) value for the communication device.

16. The device of claim 9, wherein said communication
device is configured to operate on a multiple-input multiple-
output (MIMO) wireless network.

17. A method for improving performance in a network with
geographically separated antenna ports based on determining
and reporting reference signal power from a communication
device to a base station, comprising:

receiving, from the base station, a first reference signal

associated with a first antenna port of the base station;
determining a first reference signal power value for the
received first reference signal;

receiving, from the base station, a second reference signal

associated with a second antenna port ofthe base station;
determining a second reference signal power value for the
received second reference signal; and

reporting said first and second reference signal power val-

ues to the base station, wherein said reporting indicates
the antenna port associated with the reference signal
used to determine said first reference signal power value
and indicates the antenna port associated with the refer-
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ence signal used to determine said second reference
signal power value, in an order in which the values are
received.

18. The method of claim 17, wherein said first reference
signal is a cell-specific reference signal (CRS) for said first
antenna port and said second reference signal is a cell-specific
reference signal (CRS) for said second antenna port.

19. The method of claim 17, wherein said first reference
signal power value and said second reference signal power
value are reference signal received power (RSRP) values.

20. The method of claim 17, wherein the network is a
multiple-input multiple-output (MIMO) wireless network.
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